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(57) Abstract 

It is described an anti-EGF-R/anti-CD3 bispecific monoclonal antibody (bimAb) of hybrid isotype (IgGl/IgG2a). It is also described 
the construction of a hybrid hybridoma secreting such bimAb, and the purification of anti-EGF-R/anti-CD3 bimAb molecules from hybrid 
hybridoma performed by protein-A cation exchange chromatography. Said bimAb turned out to be useful against tumor cells showing die 
epidermal growth factor receptor (EGF-R+). 
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Anti-EGF-R/anti-CD3 bispecific monoclonal antibody, method for its 
production and its use. 
Field of the invention 

The present invention relates to the construction of a hybrid hybridoma 
secreting a new anti-EGF-R/anti-CD3 bispecific monoclonal antibody 
5 (bimAb) of hybrid isotype (IgGl/IgG2a) useful in tumor theraphy of cells 
showing the epidermal growth factor receptor (EGF-R+). 

Further, the present invention relates to such antibody and to its 
purification thereto. Such purified antibody was able to trigger the 
lysis of EGF-R+ tumor cell lines (for example A43L IGROV-1, MDA-468 
10 and U-87) and of NIH-3T3 transfectant cells expressing the human EGF-R, 
by cytolytic T lymphocytes, but it was uneffective on EGF-R- tumor 
targets (where the signs + and - associated to EGF-R indicate 
respectively the presence or the absence of said receptor on cells) . 
State of the art 

15 Anti-tumor/anti-CD3 bispecific monoclonal antibodies are useful reagents 
able to confer anti- tumor specificity to T lymphocytes. 

Ferrini et al., 1993. Cancer Detection and Prevention, 17(2), 295-300, 
using two different approaches constructed an anti-EGF-R/anti-CD3 bimAb, 
with the aim of specifically targeting T lymphocytes against tumor cells 

20 expressing the epidermal growth factor receptor (EGF-R*). In the first 
case, they constructed, by somatic fusion, a hybrid hybridoma secreting 
said anti-EGF-R/anti-CD3 bispecific monoclonal antibody (bimAb) . In the 
second case, the bimAb was prepared by chemical linking. The in vitro 
functional activity of these two bimAbs indicated that the bimAb secreted 

25 by the hybrid hybridoma was more efficient to induce the cytolysis of 
EGF-R+ tumor cells by CD8+ T cell clones than the chemically prepared 
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bimAb . ... 
». euthore of the Present invention coveted « """" 
secern, - blepeei.ic aonodone! 

„ d t hey co-pere* each enUbod, - the — ~ 

"P^rrini bimAb") which, as 
5 provided by Dr.Ferrini and hereinafter named Ferrxnx 

„«.. the only anti-EGF-R/anti-CD3 bimAb 
far as the applicant knows, represents the only an 

which has ever been disclosed. 
Summary, of invention 

The authors of the present I—— — — *" *" 

10 ^ prepared according to the present invention .obteined fro. hybrid 
hybrido.e deposited et the Peutsch. S— . von al.roorgenis.en und 

cyt olytic activity ten ti.es h*- then the ta ove bieAb ( r.rrini bimAb) . 
A „tax cheracteristic of the present invention therefore refers to 
15 a hybrid hybrido.a deposited at » 0» ACCalW - » - M ^' f " 
.ouooionai antibody secreted by such hybrid hybrido... end that is tbe 

«-,>/enti-CD3 bi-Ab of hybrid isotype — 

named DSM ACC2151 bimAb. 

A farther aspect of the present invention refers to the preparation of 
2 0 „ ACC 2 1 5 ! hybrid hybridoaa end to the recover, of bi-Ab secreted by 
said hybridoma. 

A farther characteristic of the present invention refers to the 
purification of such PS» ACCalSl biaAb by a Protein-A ehr».atography 
followed by a cation exchange chrcatography. 
25 TO e present invention also refers to anti-Eur-B ,» « and - 
CD , ,» ACC 2 l 5 a> hybrido.ee used for the preper.tion of »S„ ACC.151 
h> ,rid hybridoae. to .ooocloael antibodies produced by such hybrido.. end 
to the method for their production. 
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The present invention further refers to the production of a 
pharmaceutical composition comprising a monoclonal antibody or its 
fragments, for example F(ab , ) 2 fragment, according to the invention for 
the treatment of tumors, optionally in combination with a 
5 pharmaceutical^ acceptable carrier and/or excipient. 
Reference to drawings and to sequence lists 

- Figure 1 shows the effect of DSM ACC2151 hybrid hybridoma supernatant 
on the cytolytic activity of CD3+8+ BC1 cytolytic clone against the EGF- 
R+ A431 target cell line in a 4-hour r- release test. 

10 The abscissa reports the E:T ratio (E = effector cell; T = target cell). 
The ordinate reports the % of lysis of the target cells. 

- Figure 2 shows the effect of different concentrations of the purified 
DSM ACC2151 bimAb on the cytolytic activity of a cytotoxic CD8+ 
polyclonal' cell line against EGF-R+ normal and neoplastic target cells. 

15 The abscissa reports in logarithmic scale the bimAb concentration 
(ng/ml). The ordinate reports the % of lysis concentration of the target 
cells. 

- Figure 3 shows the effect of DSM ACC2151 bimAb on the cytolytic 
activity of different populations of effector cells against the EGF-R+ 

20 A431 tumor cell line. The abscissa reports the E:T ratio of effector 
cells/target cells. The ordinate reports the % of lysis of target cells. 

- Figure k shows the effect of DSM ACC2151 bimAb and DSM ACC2152 mAb on 
the intracellular free Ca + * concentration on CD8+ polyclonal cell lines. 
In panel A, a rabbit anti-mouse Ig antibody was added as negative 

25 control. In panels B and C, DSM ACC2152 mAb and DSM ACC2151 bimAb were 
respectively used, followed by the addition of anti-mouse Ig antiserum as 
cross-linking agent. In panel D, cells were coated with DSM ACC2151 bimAb 
and cultured for 24 hours in the absence of soluble DSM ACC2151 bimAb. 
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t an anti-mouse I«0 was added to the test. The 
Before the experiment an antx 

Pfl + * concentration in nM. 
ordinate reports the Ca dSM aCC2151 

5 tlBe ' 1 ell Hoe - coated — »• ACC 215 i — "00 

A CD8* poller cell 

v ii-n and cultured for M noui 
tor » hour 5 We .se M MJl »r B et ceU. 

ACC215L ■>"» ■« WreSS6d ^ 

- • 10:1 ^ Mr/ :r c :;:r:— ww «*— - — 

eluted from Protein A cnro 

conditioned medium. (Pharmacia) of DSM 

v. analytical MonoS chromatography (™a 
. FigU re 7 shows analytic chromatograP hy on S-Sepharose 

AC C2 15 1 bimAh purified by cation exchange 

15 FF (Pharmacia) . dodecyl sulph ate- 

. Figure 8 shows an electrophone analy . ^ ^ 

poly acrilamide (SOS-PACE) gel of purged 

bimAb> . tivity of DSM ACC2151 bimAb if compared 

- Pigure 9 shows the cytolytic actxvxty ^ 
• • M «Ab The abscissa reports, xn logarxtnm 
20 to that of Ferrxnx bxmAb. The percenta ge of lysis 

• „/«l The ordinate reports tne p 
amounts expressed xn ng/ • , paWtarge t cells (tumor cells) 

according to an effector cells (lymphocytes) /targe 

ratl ° ^ 5/1 " ts the oligonucleotide sequence of the heavy chain 

. SEQ ID N0:1 reports the oixg 

25 liable (VH) region of DSM ACC* - ^ ^ ^ 

. seQ ID N0:2 reports the amino acxd sequence 

mAb - ^nuence of the light chain 

. SEQ ID »0:3 the oli^eoude .w— 
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variable (VL) region of DSM ACC2152 mAb. 

- SEQ ID NO: k reports the amino acid sequence of VL region of DSM ACC2152 
mAb. 

- SEQ ID NO: 5 reports the nucleotide sequence of the primer named VH1BACK 
5 Hindlll for use in PCR. - SEQ ID NO: 6 reports the nucleotide sequence of 

the primer named VHFOR- LINKER SCA for use in PCR. - SEQ ID NO: 7 reports 
the nucleotide sequence of the primer named VLBACK-LINKER SCA for use in 
PCR. SEQ ID NO: 8 reports a nucleotide sequence of the primer named 
VLFOR UNIVERSAL EcoRl for use in PCR, 

10 Detailed description of the invention 

The anti-EGF-R/anti-CD3 bispecific monoclonal antibody of IgGl/IgG2a 
hybrid isotype is secreted by a hybrid hybridoma obtainable by somatic 
• hybridization of a hybridoma secreting an anti-EGF-R monoclonal antibody 
and a hybridoma secreting an anti-CD3 monoclonal antibody. 

15 The method for the production of a hybrid hybridoma secreting an anti- 
EGF-R/anti-CD3 bispecific monoclonal antibody of IgGl/IgG2a hybrid 
isotype according to the invention therefore comprises the somatic 
hybridization of a hybridoma secreting an anti-EGF-R monoclonal antibody 
and a hybridoma secreting an anti-CD3 monoclonal antibody. 

20 Further, the method for the production of an anti-EGF-R/anti-CD3 
bispecific monoclonal antibody according to the invention comprises the 
somatic hybridization of a hybridoma secreting an anti-CD3 mAb and a 
hybridoma secreting an anti-EGF-R mAb, and then the purification of such 
antibody (preferably, first by Protein-A chromatography and then by 

25 cation exchange chromatography) . 

The bimAb according to the invention can be easily and efficiently 
purified from parental mAbs (i.e. anti-CD3 mAb and anti-EGF-R mAb) by 
Protein-A chromatography followed by cation exchange chromatography. 
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k made the hybridcma secreting the anti-EGF-R mAb is 
In any citation here made, the nyori 

* Mn -ntS (described in patent application 
p M wv the hybridoma named Mint5 (oescnu 

,. nf the anti-CDS mAb is preferably the hybridom 
the hybridoma secreting the anti v, 

5 deposited as DSM ACC2152. 

to the invention can be obtained also 
bispecific antibody according to ^ 

in for. of recombinant single chain by genie fusion 

• of the light and heavy chain of genes encoding an anti 
variable regions of the ngnt ai t , hodv 

a « anti-EGF-R monoclonal antibody. 
C D3 monoclonal antibody and an anti 

„. to the known techniques. Anti-CD 3 mAb is 

- :r;r:::t - »» — - — - - 

The punix TRROV-1. MDA468, U- 

ly sis or EGF-R* «. «U Hoes (for ex W -e M*. X»»V 

„ 87 etc , „a or «-m tcasofeetaets e,P— — W f 
5 ,„.f receive to sti.ul.te the lysis of 

cytolytic T lyphocytes. but it was uoeffective 

„ .., EGF-R* cells (k.r.tioocytes sod eodcetnal 
^.H- tu»oc targets. ..oca! of 
ceU .) -ere also susceptible to cytolysis only at saturate. 

the «-» — to toe ioveotioo to aelivec activate 
20 * n cl .as evsluaie* by Ce" - «— 

51 -.acts The bi»Ab accord to the ioveotioo. wheo 

production experiments. The Dim 
„d in * «~ — in soluble form, failed to ind^ 
, , ca- increase, which occurred only after cross-linking 

lymph okines 

anti-mouse IgG antibody (Fig. 1 .), secret 
25 induced by an anti mouse igu 

« a TW-a and GH-CSF) was induced only by contact of the 

coated effector cells with the specit-c 

invention . 
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The data hereinafter reported indicate that the bimAb according to the 
invention induce efficiently and specifically the secretion of 
lymphokines from T lymphocytes by contact with EGF-R+ tumor cells. In 
addition, it was observed that the effector cells coated with the bimAb 
5 according to the invention retained the ability to recognize and to lyse 
EGF-R+ tumor cells for a prolonged period (up to 24 hours). 
These data indicate that the activation of effector cells by the bimAb 
according to the invention can only occur at the tumor site, where cross- 
linking of surface CD3 molecules is induced by contact with tumor cells. 

10 On the basis of these results, it appears that T lymphocytes coated with 
the bimAb according to the invention could be used, for example, for: a) 
local treatment of tumors expressing EGF-R molecules, provided that 
tissues surrounding the tumor are EGF-R- ; or b) systemic treatment of 
tumors overexpressing EGF-R. With regard to .the therapeutic 

15 possibilities, recent studies suggest a clinical efficacy of 
immunotherapy with lymphocytes coated with anti-NCAM/anti-CD3 bimAb in 
the treatment of gliomas (Nitta et al., 1990, Lancet, 335. 368-376). 
It was eventually studied the activity of DSM ACC2151 bimAb compared to 
that of the known bimAb (i.e. Ferrini bimAb) and it was observed that DSM 

20 ACC2151 bimAb was about 10 times more active than Ferrini bimAb (Fig. 9). 
The realization of the present invention will result clearer by way of 
the following Examples. 
Example 1 

Production of anti-CD3 monoclonal antibody (mAb) (DSM ACC2152) 
25 Isolation and culture of T l ymphocytes 

Peripheral blood mononuclear cells (PBMNC) were isolated from 20 ml of 
heparinized peripheral blood by centrifugation on Ficoll Hypaque R density 
gradient. After three washes in RPMI 1640 medium (Seromed, Berlin, 
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* -th 10* heat-inactivated FCS (Fetal calf serum. 
Germany), suppled with ™ & 
P AA Austria), Penicillin-streptcycn vol/ 

Q ed Berlin. Germany) and 200 mM L-Glutamin (complete 
m edium) cells were resuspended in 

5 concentration of 10 6 /ml. in 

• a H'n„ were produced by culture for 5 
, f or immunization were i«u 

T lymphoblasts for imm USA) 

•*h it vol/vol PHA (Phytohemagglutm, Gibco, 
complete medium with 1% vol/ Lymphoblas ts were then 

md cultured 3 days in 24 well Costar plates. ymP 
expa ndedby culture in complete medium supplemented 
10 recombinant IL2 (Cetus Corporation. CA. USA). 

v id Balb/c female mice were immunized by 
Six-week-old Balb/c obtained by 

„ ~r cultured lymphoblasts 
iatr.peritone.l injects of 10 

i, th. previous step. T lyophoblasts fr=» 

" o 11 - — « — " » - " 
15 ^ POOlrf After 10 * W s - -elves a hooeter ^ « 

ml PBS for inoectxon. After 

„ u fto use of a siringe and a 22 gauge 
disaggregated by the use 

v,^ 1 times in RPMI 1640 medium without «. 
oocytes were washed 
20 pelleted together with 10? P3U1 myeloma cells. The 

f 0 S ml of W polyethylenglycole (Merk) m 

- ~~ " :i » - - -« ^ — fcs 

^ . oT°r After 5 minutes . ^ 
!6M .« 37 C. 5 25 ml Qf „ lW0 

uere saded slow!, to the fust- « 37 

• „ «* FCS Cello »ere centric, reoospeoae, xn complete 
with 10% FCb. i-eix Ra ib/c perithoneal 

, , in 24 well Costar R plates containing Balb/c pe 

macrophages as feeder i y k 

— - ^r::i;:Jii— 

nnw Labs UK). Medium with HAT was 
solution, Flow Laos ^/ 



WO 95/16037 



PCT/EP94/03995 



10-15 days wells were scored for proliferation. Supernatants were 
screened for their ability to induce the proliferation of PBMNC in a 3 
days proliferation assay. To this end 10 5 PBMNC cells from healthy donors 
were plated in triplicate wells in U-bottomed 96 well microtiter plates 
5 in the presence of 20 ]il of hybridoma supernatant or .1% PHA (as positive 
control). After 3 days cultures were pulsed with 0.5 pCi of methyl-3H- 
thymidine (specific activity 5 Ci/mMol; Amersham, UK) for additional 18 
hours. Cultures were then harvested onto glass fiber filters by a cell 
harvester and counted for ^H- thymidine uptake in a p-counter. The 
10 MRSF43.1.16 hybridoma of IgG2 isotype, deposited as DSM ACC2152, 
producing significant proliferation was subcloned four times by limiting 
dilution. 

Immunofluorescence analysis 

The reactivity of DSM ACC2152 mAb was compared to that of 0KT3 (anti-CD3; 

15 Ortho, NJ, USA) on a panel of different cells by indirect 
immunofluorescence and cytofluorimetric analysis. A pellet of 5x10** cells 
was incubated at k°C for 30 minutes with 50 pi of hybridoma supernatant. 
After on washing with PBS, said cells were incubated for additional 30 
minutes by adding a fluorescein isothiocyanate (FITC) -conjugated goat 

20 anti-mouse immunoglobulin (lg) antibody (second antibody). As negative 
control, cells were incubated with second antibody only. Data obtained on 
a panel of normal and neoplastic cells of different histotypes cells are 
summarized in the Table 1 below reported. These data demonstrated an 
identical pattern of reactivity of 0KT3 and DSM ACC2152 mAb, referred to 

25 the identification of the CD3 molecule expressed on mature cells. 



I 
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Table_l 




PBMNC (3x) v , . ct _ 
Cultured T lymphoblasts 

CD H + T cell clones 3 

cd8+ t cell clones CU 

CD16+ NK clones (3) 

Jurkat/T cell leukemia 

JpB-All/T cell leukemia 

S H^-60/myeloid leukemia 
IGR0V1 %626/ovarian cancer 
S-7/ breast^arcinoma 



0% 
99% 
96% 
0% 
1% 
0% 
0% 
1% 



95% 
1% 
0% 
1% 
0% 
0% 



Data „ «*— « * of positiv. ceHs ^^^^^^^^ 

mmuss^mjsm. ^ ted by ^ ^ of -Tots! 

mflUA fr» *» Wbrid0, " a ^ „ ^3. USA) . He.W 

5 ™a *P— - ^"^Z Z> - - — " 

Klt - Per ,ln n-r Corporate. CT.O ^ ^ 

f u DC ; z ed according to 
for PCR amplification *ere synthesized 

10 PNAS. USA, 26 . 3833-3837. ^ ^ HindIII - E coRl 

The amplif ied V ^;j e ^:;;: sequencin , T o introduce HindlXl 

and EcoRl restriction sites ^ ^ ^ ^ 

reamp lified and linked to.ether accords 

15 Bi „lo.9. 

5 ,VH: VH1BACK Hindlll: (SEQ ID N0:5) 
3 .VH: VHFOR-LINKER SCA: (SEQ ID N0:6) 
5 .VL: VLBACK-LINKER SCA: (SEQ ID N0:7) 



WO 95/16037 



PCT/EP94/03995 



- 11 - 

3'VL: VLFOR UNIVERSAL EcoRl: (SEQ ID NO: 8) 

Heavy and light chain variable regions were sequenced by Sanger method by 
the use of "Sequenase Version 2.0" kit (United States Biochemical 
Corporation, Ohio 44122, USA). 
5 DSM ACC2152 mAb VH nucleotide is reported in SEQ ID N0:1. 
DSM ACC2152 mAB VL nucleotide is reported in SEQ ID NO: 3. 
The DSM ACC2152 VH and VL DNA sequences were analyzed for homology 
against PCgene data base (Intelligences 1992) and were confermed as new 
sequences (being not present in the data bank) . 
10 Example 2 

Production of bispecific monoclonal antibody (bimAb) DSM ACC2151 
Cell fusion and screening of hybrid hybridomas secreting bimAbs 
The Mint-5 (IgOl) anti-EGF-R hybridoma (described in the copending patent 
application PCT/EP9U/02969 of the same applicant) was deposited as DSM 
15 ACC2150.. 

DSM ACC2150 and DSM ACC2152 hybridomas were used for the preparation of a 
hybrid hybridoma named B/MRS 26.1.17 deposited as DSM ACC2151 secreting 
the bimAb of interest. 

Hypoxantineguanine phosphoribosyl transferase (HGPRT) -deficient mutants of 
20 the DSM ACC2150 hybridoma were selected by culture in the presence of 
increasing amounts of 8-azaguanine (1-50 pg/ml) (Sigma, St. Louis, M0). 
A HGPRT-negative clone of the DSM ACC2150 hybridoma was fused with 
iodoacetamide-inactivated hybridoma cells of the DSM ACC2152 hybridoma 
using a standard polyethylene glycol fusion protocol (Clark et al. , 1987 ♦ 
25 J. Nat. Cancer Inst., 79. 1393-1^01). Hybrid hybridomas (quadromas) were 
selected by culture in HAT medium. Hybrid hybridomas were cloned by 
limiting dilution and tested for antibody production. The culture medium 
for hybrid hybridomas was RPMI 1640 supplemented with 10% FCS and 2mM L- 
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«- were directly screened for 
<U«~. - hybridoma — ^ ^ ^ ^ 

cells (Merlino et al.. «° 
EGF-B* «l «— i „ of the S «en»- - ~ 

«»'• 45 """" " '." the 0 S« ACC2151 «" "» Ab - 

5 S elec«a hybrid hybridoe.s. rt « 

. «r the A^31 target cexxs. 

efficiently induced lys.s of ^ ^ 

^ in combination failea 
anti-EGF-R mAbs used alone or xn 

lysis. 

Aj£axl£rJ^^^^ effector cells at 
a i nT , P c were used as 

» T CI! U— - Cl ° M 0 6!l in . ft 5W— 

effector/tar 5 et cell ratio ranges ro . 

n lines were used as target 

— ™ foll °" lnB . M ^. >• ( — ' 

^cino..!. *» oS . BI H- 3 T3 

c«->. M31 (epidermoid careino.... * ^ ^ 

MD; Di Fiore et al.. W secondary cultures 

• i r^lls from primary ^ 

— — ^ '"^ 5 >cr-laballed t.r S et cells - — » 
- ^ °° cella „ 9 o-.ell — plates, ror the 

varices ambers of effector ^ allut ions of 

20 Ration of ~ — cytoto^ y ^ ^ ^ 

sw er„.t.nts of tbe hybrid bybrrdo. ^ ^ ^ ^ ^ 

„ e raehy Mb fraotiooa — ~ ^ ^ rf cult „ e , l00 „1 of 
final culture voluoe »as 200 pi. ^ ^ ^.-counter 

,,„.„ a fro . eacb eell and coun 
sne.rn.tant »ere collected fr perce „ t ege of lysis .» 

r 51o-release. The p« 
25 for the evaluation of 0 ^ ^ ^ ^ 12 , ? . 

existed as described in Ferrxnr et a . . ^ ^ ^ ^ ^ ^ 
1302 . TO verify the tar 6 et sp^c.faci y. ^ ^ ^ 

for lw ability to induce cytolysis of 
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cells. 

Table 2 



Effect of DSM ACC2151 bimAb on the cytolytic activity of a 
cytotoxic CD3+8+ polyclonal cell line against different tumor 
target cells. 



Target 


No. of 


EGF-R 


% of lysis in the 




sitesi 


; c i n 


presence of 




x 10 : 












No. mAb 


bimAb 


anti-CD3+ 








(lOOng/ml) 


anti-EGFR mAb 


EGF-R+ 










cell lines: 










MDA-468 


1700 


8 


38 


8 


A431 


1400 


2 


50 


2 


NIH-3T3 EGF-R+ 


100 


1 


56 


2 


U-87 


67 


1 


no 


1 


IGROV-1 


50 


10 


71 


10 


EGF-R- 










cell lines: 










MeWo - 


_c 


1 


1 


2 


Raji 




2 


2 


2 


NIH-3T3 




1 


1 


1 



a determined by Scatchard analysis using ^I-mEGF (methionine-EGF) 

b determined by a standard ^Cr release assay at a 10:1 effector/ target 

cell ratio 

c under the level of detectability 
5 As shown in Table 2, the bimAm (lOOng/ml) induced CD3+8+ cell lines to 
lyse EGF-R+ tumor cells, including A4.31,' IGROV-1, MDA 468 and U-87. On 
the contrary the EGF-R- Raji, and MeWo tumor cell lines were not 
susceptible to lysis. Stable transf ectants of the NIH3T3 cell line 
expressing human EGF-R were also efficiently lysed in the presence of 
10 bimAb. Untransfected cells were not lysed indicating that the targeting 
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. , of the bimAb is specifically depend on the express.cn 

that the susceptibi ut y 

EGF-R molecule on target cells. It 

« to be dependent on the density of Eur H 
to cytolysis appears to 

* -th the exception of saturing amounts of r>im» 
expressed wath the ^ of low 

, nse/resp0 nse experiments showed that, m 
5 However, dose/respon considerably less 

of himAb IGR0V1 target cells were iyse 
concentrations of bimAb. addit ion. the 

. A h,, target cells (Figure 2). In aaa 
effici ently than AU31 . (ED50) 

concentration of bimAb reared to = ^ 

were r emar k ably lower when — — - ^ ^ 

* to IGR0V-1 (ED50 - 8 ng/ml). Analysxs of both 
10 ng/ml) as compared IGROV p 
normal cells .eratinocytes and endothe Lai eel ^ , ^ 
counts of bimAb for half-maximal cytolysis being «0 

^ uHth Al^l cells Figure 2). As exp« 

PHA-induced Ooblasts were not lysed 



15 ACC2151 . Qf CB3 . effe ctor ceUs .ere tested Tor thear 

Diff ere„t popo— 

. t0Een . activa ted and 

«*.. CPS. or . — "71 L„ed tnat 

„ „ , or 2 ., weeks in IL-2 containing .edtu.. It -as 0 
— ** ' t eells coulfl oe indaced 0, PXA-activated IL-2 

20 ls sis of rtjl target ceUa , 

^ t W — - - - pbl ; ; h ACC2151 ^ 

cell . efficiently lysed Ml in the presence of » 

- -s .ere Poorl, effective »• ^ 

si „ilar resoles -ere oOtained ostng PB, - P ^ ^ 

^tional healthy donors. It should 
25 m aouvi. indoced oy PS» ACC2«1 — — — 

" Tlltiona oOtained fro. toe different donors, Tons. *= 
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cells ranged from 45 to 70% of 51 Cr release at a 10:1 effector to target 
cell ratio. 

Ca— mobilization assay 

The concentration of cytoplasmic free Ca++ was determined in CD8+ 
5 polyclonal cell lines as described previously by Pantaleo et al. v 1986, 
Eur. J. Immunol., 16, 1639-1644. Cells (2.5 x 10 6 ) were stained with the 
acetoxymethylester of Fura-2 (1 uM final concentration; Sigma, St. Louis, 
MO, USA), and the fluorescence of the cellular suspension was monitored 
with Spectrofluorimeter (Perkin Elmer Corp., Pomona, CA, USA) using a 2 
10 ml quartz cuvette. Cell suspensions were excited at 3^5 nm and 
fluorescence was measured at 496 nm. All determinations were performed at 
37 °C using a thermostatically controlled cuvette holder and a stirring 
apparatus . 

Since bimAbs produced by hybrid hybridonas possess only, one binding site 
15 for each specificity recognized (Milstein and Cuello, 1984, Immunol. 
Today, 5, 299-304), the authors of the present invention compared the DSM 
ACC2151 bimAb with the parental antiCDS mAb for its ability to deliver 
activation signals to the T cells. In Ca++ mobilization experiments 
performed on CD8+ polyclonal cell lines, the DSM ACC2151 bimAb failed to 
20 induce intracellular Ca++ increase (Figure 4, panel C). However, cross- 
linking of surface CD3 molecules, induced by the subsequent addition of 
an anti-mouse IgG antibody, resulted in a rapid increase of intracellular 
CA++ levels. At variance from DSM ACC2151 bimAb, the parental bivalent 
anti-CD3 mAb produced a significant Ca+ + mobilization, even in the 
25 absence of the cross-linking reagent, which could be further increased by 
addition of the anti-mouse Ig antibody Figure 4, panel B) . The present 
authors next investigated whether T cells coated with the DSM ACC2151 
bimAb retained for a prolonged period cf time their ability to mobilize 



PCTyEP94/03995 

WO 95/16037 

- 16 - 

ss U^ng of the cell surface bound bimAb -lecules. As ' 

ca++ upo ; ;; Tl T ^ — - -* — - cuitured at 

shown in Figure ^ response tQ 

3rC up to 2* hours efficiently 

Tn parallel control experiments, anti 
I g addition. In paraiie Moreover, 
, ••, „ to activate effector cells (Figure 4. panel 
5 alone f axled to activa efficiently 
r* M ACC2151 bimAb-coated cultured effecto 
the same DSM ACC2151 bim Ab-armed 

«- roils thus confirming tnat uoi 
lysed EGF-R+ target cells. reievant 

effector cell s retain tbeir ability to recognize an 

10 kSSPi^SiES-EES^liSSiS"-^^^ with parental 

, e1lB W ere stimulated with target 
Effector cells wei<= positive 

nSM ACC2151 bimAb in different combination. As 
antibodies or DSM ACC2151 2 . myri state-1.3- 

, ki- anti-CD3 mAb plus 2 ng/ml of phorbol l.-i ^ 
control, soluble anti CD 3 ^ free 

acetate (PMA) were used. Following 18 hours 

collected and tested for lymphokme presenc 
15 supernatants were collecte ^ ^ 

^ TNF-a were measured using the EASIA ki 
IFN-gamma and TNF a Bruss els. Belgium) 

standards for each assay. bimAb-coated 

* others also investigated whether DSM ACC215 
The present authors axs relevant 

id secrete lymphokines upon interaction with 
lymphocytes could secrete ly 

target cells. polyclonal cell 

that the secretion of lymphokines in CDo P y 
25 Table 3 shows that ^ ^ specific 

line is induced by co-stimulation with DSM ACC215 



target cells. 
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Table 3 





GM-CSF 


TNF-a 


INF-gamma 


Controllo 


<0 a 


<0 a 


<0 b 


PMA ♦ aCD3 


> 20000 


> 20000 


200 


A431 


750 


490 


30 


A431 + aCD3 ♦ aEGF-R 


1000 


2980 


40 


A431 + bimAb 


> 20000 


> 20000 


>240 


bimAb 


1000 


4500 


38 


NIH-3T3 + bimAb 


505 


<0 


12 



a = concentration expressed in pg/ml 
b = concentration expressed in Ul/ml 

As shown in Table 3, anti-CD3 was able to induce secretion of IFN- gamma, 
TNF-a and GM-CSF in polyclonal T cell lines in the presence of phorbol 
5 esther PMA as a co-stimulus. When EGF-R+ tumor cells were added to 
untreated lymphocytes, only low levels of lymphokine secretion could be 
achieved, while maximal lymphokine production was induced by the 
simultaneous use of bimAb and relevant target cells. On the other hand, 
EGF-R- tumor cell lines and bimAb did not induce significant lymphokine 
10 secretion. 
Example 3 

Bispecific antibody purification 

Since .DSM ACC2151 bimAb represented only a fraction of the antibody 
molecules secreted by hybrid hybridomas (Milstein and Cuello, 1984, 

15 Immunol. Today, 5, 299-304), the present authors purified the DSM ACC2151 
bimAb by protein A chromatography followed by cation exchange 
chromatography. DSM ACC2151 bimAb was purified from hybrid hybridoma 
culture supernatant. Cells producing bimAb were grown in serum-free 
medium in Acusyst R hollow fiber bioreactor (Endotronics) . Conditioned 

20 media were collected and diluted 1:1 in Protein A binding buffer (1.5 M 
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, .„„, l ^ K.CD r=r process** ay a rirs, step of MM 

6 ' I a x, * c.» or Protein A-S.PHa.cse Pas, Flo. 

chr o.atn 8 aap*, p „ 3 . 6 . 

•«\ Prntein A elution buffer is. u.i 

t TTL. * — - ° f DSM ACC2151 bim " 

5 reP ° rtea " S ^ (1 „ a 2) „ d ene psasance of parents oC M «. 
„t« » t» pea*s U -« from Protein A 

ACC2152 ana OE0P-P » -0.50 -* _ 

. diluted 1:1 la buffer A (25 e» sodiun acatata pH 5-0) 

1 M NaC1 The steps were 20%, 25% and 30% of buffer B. 
of buffer A plus 1 H NaCl. The 

• from S-Se P harose chromatography were analyzed 
Fractions from S Sepna 

v, and fractions corresponding to peak 1 of Figure 
chromatography and .fractxo ^ 

, d and confirmed to be DSM ACC2151 bimAb according to IEF P a 
pooled and confi ^ 

15 functional activity. Figure , SDS . P AGE 

of purifi aa DS » «wi - «— by 

^ai, an Pbest - »-W <«- «■ eiectrop „ oretic 

Fi5Ure 8 sno.s a SDS-PACE ana^ie «hlbi«« tha 

• b atn r.ducins and „on-reducin S conditions, b.nee 1 and 
mobility in both reducing 

a • tae pacified PS» ACC2151 bi.AO. L„a 3 contains patent,! M «* 
20 COnt,1 ° ' . ^ « standard in The presence 

,„d M - aad 5 cantata oECF R and 

r K-i functional molecules 01 
of the highest concentration of bifunctio 

Tied peak 1 was confirmed by cytolitic assay against A4 3 
ACC2151 in purified peak i was. 

tarS6t CeUS ' . • Ah act ivitywith_thj^^ 
25 ComEarison.^^ 

activity 

^ OiaA* .aa oOtelnea 0, »• -inr ( aa previous* speeded,. 
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The activity of the two anti-EGF-R/anti-CD3 bimAbs was analysed testing 
the cytolitic activity of a CD8+ cytolitic cell line against A431 target 
cells in the presence of different concentrations of bimAb. As shown in 
Figure 9, DSM ACC2151 bimAb was signif icatively stronger to induce 
5 cytolitic activity at low concentration of bimAb if compared to Ferrini 
bimAb. IC50 calculated for the two bimAbs (Fig. 9) shows that DSM ACC2151 
bimAb is about 10 times more active than Ferrini bimAb. According to the 
evaluation of the activities of the above cited bimAbs, then it results 
surprising the different behaviour (that maybe could indicate a different 

10 mechanism of action) of the two bimAbs studied. 

A DNA sequence coding for an antibody according to the invention can be 
prepared. Said sequence, eventually, can be inserted into a plasmid 
vector, preferably under the control of a promoter which enables its 
expression in a desired host cell. 

15 Said host cell is selected from the group consisting of bacterial, yeast, 
insect, plant or mammalian cells. 

The present invention is therefore directed also to a method for the 
production of a monoclonal antibody or fragments thereof according to the 
invention comprising the cultivation of a host cell under conditions 
20 appropriate for the expression of said DNA sequence and recovering the 
product from the culture. 

An antibody according to the present invention is also useful in 
theraphy . 

An antibody or its fragments [for example Ftab'^] according to the 
25 invention is also used for the preparation of a pharmaceutical 
composition, useful for the treatment of tumors, in combination with a 
pharmaceutically acceptable carrier and/or excipient. 

A pharmaceutical composition according to the present invention therefore 
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^ for «. «— « - — • ' " ~ 10 " ^ 

p.^UcaUy stable carrier -d/« e.cipient. 
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Claims 

1 1. A DSM ACC2151 hybrid hybridoma secreting an anti-EGF-R/anti-CD3 

2 bispecific monoclonal antibody of IgGl/IgG2a hybrid isotype. 

1 2. The anti-EGF-R/anti-CD3 bispecific monoclonal antibody of IgGl/IgG2a 

2 hybrid isotype according to claim 1. 

1 3. A DSM ACC2152 hybridoma secreting an anti-CD3 monoclonal antibody of 

2 IgG2a isotype. 

1 4. The anti-CD3 monoclonal antibody according to claim 3 • 

1 5. The monoclonal antibody according to claim k comprising: the sequence 

2 of the heavy chain variable region (VH) reported in SEQ ID N0:1; and 

3 the sequence of the light chain variable region (LH) reported in SEQ ID 
l\ N0:3- 

1 6. A bispecific monoclonal antibody obtainable by the somatic 

2 hybridization of the DSM ACC2150 hybridoma secreting an anti-EGF-R 

3 monoclonal antibody with a hybridoma secreting an anti-CD3 monoclonal 

4 antibody. 

17. A bispecific monoclonal antibody obtainable by the somatic 

2 hybridization of a hybridoma secreting an anti-EGF-R monoclonal antibody 

3 with the DSM ACC2152 hybridoma secreting an anti-CD3 monoclonal antibody. 

1 8. A recombinant single chain bispecific monoclonal antibody according to 

2 claim 6 obtainable by gene fusion of heavy and light chain variable 

3 region sequences of the genes encoding an anti-CD3 monoclonal antibody 

4 and an anti-EGF-R monoclonal antibody secreted by DSM ACC2150 hybridoma. 

1 9. A recombinant single chain bispecific monoclonal antibody according to 

2 claim 7 obtainable by gene fusion of heavy and light chain variable 

3 region sequences of the genes encoding an anti-CD3 monoclonal antibody 

4 secreted by DSM ACC2152 hybridoma and an anti-EGF-R monoclonal antibody. 

1 10. A recombinant single chain bispecific monoclonal antibody according 
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• hie by gene fusion of heavy and light chain variable 

2 to claims 8-9 obtainable by gene ^ ^ 

3 region fences of the genes encoding an - 3 ^ 

4 secreted by DSM ACC21 5 2 hybridoma and an antx 
c secret ed by DSM ACC2150 hybridoma. 

5 secreteo hybrid oma secreting an anti 

^ * fr,r. the oroduction of a hybria nyux 
! u. A method for the proa IeG l/IgG2a hybrid 

r, anti-CD3 monoclonal antibody. 

T 2 A method for the production of a hybrid hybridoma secret an - 
«i-C D 3 hispecific monoclonal antibody of Ig01/Xg02a hybr. 

prising the somatic hybridation of a hybridoma secreting an 
3 isotype comprxsxng the hybridom a secreting an 

U anti-EGF-R monoclonal antibody and the DSM ACC21 5 2 hybr 

5 anti-CD3 monoclonal antibody. anti-EGF- 

, <ne to claim 11 for the production of an antx 

1 1* A method according to ciaim 

n i antibody comprising the somatic 
, p/ n nti-CD3 bispecific monoclonal antibody 

2 R/anti CD3 oxs P hvbrid oma secreting an 

of the DSM ACC2150 hybridoma and a hybriao 

3 hybridization of the ,- fica tion of said 

n i antibody and the following purification o 
* anti-CD3 monoclonal antibody 

5 antibody by a protein-A chromatography and 

6 chromatography. ^ rf ^ 
, l4 . A method according to claim 1* 

of a hvbridoma secreting an anti EUt n 
3 hybridization of a hyena . F , ration of said 

, „ d t , — - : — 7 _ 

5 .otibod, b s a protein-A chronatoeraph, and 

6 ohronato.iraphy. production of an anti-EGP- 
, A method according to clams 13-" » r 

1 15 ' * , .„ tlM4y conprisinB the sooatic 

2 „/anti-CD3 bispecific oonoclonal antibody 
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3 hybridization of the DSM ACC2150 hybridoma and the DSM ACC2152 hybridoma 

4 and the following purification of said antibody by a protein-A 

5 chromatography and then by a cation exchange chromatography. 

1 16. A DNA sequence encoding the antibody or its fragments according to 

2 claim 2, 6-7. 

1 17. A recombinant DNA molecule comprising the DNA sequence or its 

2 portions according to claim 16. 

1 18. The recombinant DNA molecule of claim 17 wherein said DNA sequence is 

2 . under the control of a promoter which enables its expression in a desired 

3 host cell. 

1 19. A host cell containing a recombinant DNA molecule according to claims 

2 17-18. 

1 20. The host cell of claim 19 wherein said cell is selected from the 

2 group consisting of bacterial, yeast, insect, plant and mammalian cells. 

1 21. A method for the production of a monoclonal antibody or fragments 

2 thereof comprising the cultivation of a host cell according to claim 20 

3 under conditions appropriate for the expression of the DNA sequence 

4 according to claims 17-18 and recovering the product from the culture. 
1 22. An antibody according to claims 2, 6-7 for use in theraphy. 

1 23. A pharmaceutical composition comprising a monoclonal antibody or its 

2 fragments according to claims 2, 6-7 for the treatrement of tumors, 

3 optionally in combination with a pharmaceutically acceptable carrier 

4 and/or excipient. 

1 24. Use of an antiboy according to claims . 2, 6-7 for the preparation of a 

2 pharmaceutical composition, useful for the treatment of tumors, in 

3 combination with a pharmaceutically acceptable carrier and/or excipient. 
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Anci-EGF-R/snti-CDJ bispecific .onoclon.1 antibody, oethod for its 

production and its use. 

Abstract 

It is described an anti-EGF-R/anti-CD 3 bispecific .onoclonal antibody 
5 , b i»Ab, of hybrid isotype W/VUL » " 4 "« 1S- 

construction of . hybrid hybrido.a secreting such bi.Ab. snd the 
curificstion of snti-EGF-n/snti-CW bi-Ab .olecules fro. hybrid hybridooa 
corforned b, protei„-A cation exchange chroeatography . Said bioAb turned 
cut to be useful .gainst cu-or cells showing the epidemal growth footer 
10 receptor (EGF-R+). 
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